As health care financing, organization, and delivery innovations proliferate, the need for comprehensive, detailed data on medical spending has never been more apparent. This study builds on previous work to provide a more comprehensive accounting of medical spending at the individual level than has been done in the past. We account for spending by the entire population: the civilian, non-institutionalized population that is the subject of past studies, as well as high medical spenders, the institutionalized, the incarcerated, and active-duty military personnel. We use within-imputation and other adjustments to build a micro dataset and reconcile survey data based on our estimate of medical spending to the National Health Expenditure Accounts (NHEA). The micro dataset we build can be used for more detailed policy evaluations that more closely reflect true national personal health expenditure at the individual level.
Introduction
Accurately and comprehensively tracking health care spending by Americans is a central focus of U.S. government agencies, economists and health service researchers Cutler, 2007, 2009 ; Aizcorbe et al., 2008) . The National Health Expenditure Accounts (NHEA) maintained by the Centers for Medicare and Medicaid Services (CMS) track spending on direct medical care and other health-related activities (public health, research, etc.) for the entire U.S.
population (NHEA, CMS, 1960 -2014 . However, the NHEA do not provide a sample of individuals with their associated spending. For this reason they cannot be used to study trends in the concentration of spending by certain populations or for certain types of services beyond broadly aggregated categories.
For these more disaggregated types of analyses, researchers generally depend on person or household level surveys of medical utilization and expenditure. These surveys, including the Medical Expenditure Panel Survey (MEPS) and Medicare Current Beneficiary Survey (MCBS), offer detailed claims and/or self-reported information for each medical service used by survey respondents. While offering greater detail, micro surveys are generally limited in scope in terms of their study populations and health services. For example, the MEPS excludes individuals residing in nursing homes and other facilities, as well as active duty military personnel. Further, the MEPS is known to underestimate total spending, especially by high-spenders, because of its reliance on self-report of expenditures (Zuvekas et al. 2009 ). The MCBS is only for the Medicare population, omitting a huge portion of total medical dollars. Nevertheless, each of these surveys is useful for cost-effectiveness analyses, and other policy related studies of medical expenditure requiring individual-level data.
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In this paper, we present a methodology for adjusting micro surveys to match national medical spending. Our final product is an individual-level data set of medical spending matching national total spending that allows for analysis of subpopulations and trends and that is not limited in its covered population.
We are not the first to attempt such reconciliation. Past research by Arnett et al. (1990) , Fisher (1980) work by CMS and AHRQ to include the entire U.S. population, thus allowing for a much richer analysis of medical spending. We also pay particular attention to spending of high cost individuals.
We focus on medical spending in 2002 in order to directly compare our findings with a reconciliation of the 2002 MEPS and NHEA (Sing et al., 2006) . Although a more recent reconciliation exists for 2007 (Bernard et al., 2012) , our work also includes additional sources of information about non-covered populations.
We align the NHEA spending and survey-reported spending in terms of covered services (e.g., hospital care, prescription drugs, etc.) and covered populations (e.g., Medicare beneficiaries, active duty military, etc.). We exclude only the spending from the PHC-portion of the NHEA that we would not expect (or desire) to be captured by the micro surveys (e.g., hospital non-patient revenue such as from gift shops or parking, spending by non-US residents, etc.). To account for missing populations, we use imputation methods to reflect the size and demographic profile of the out-of-scope groups. After aligning populations and covered services, we reconcile the enhanced survey-reported spending with the adjusted NHEA by making a final adjustment to survey-reported spending. The resulting data matches NHEA totals and accounts for a comprehensive swath of the US population.
The rest of the paper is as follows. Section I discusses the data on medical spending.
Sections II and III describe the reconciliation methods in detail. Section IV presents our results and offers the main conclusions.
I. Data
Data on aggregate national health expenditures are provided in the National Health Expenditure Accounts (NHEAs) produced annually by the Centers for Medicare and Medicaid Services (CMS). Within the broad category of health spending, we focus on personal health care because it captures spending for therapeutic goods and services also measured by the national micro surveys. Personal health care excludes other health-related endeavors, such as research, construction, public health activities, and the administrative costs of insurance programs. In 2002, personal health care represented about 84 percent of total national health expenditures.
Spending for personal health care can be divided by source of funds and category of service. Categories of service include hospital care, professional services (physicians, clinics, and dentists), nursing homes, home health agencies, and medical products (prescription drugs, durable equipment, and non-durable products). We account for these populations using several other data sets. To account for the 
Medical Expenditure Panel Survey (MEPS)
The Medical Expenditure Panel Survey (MEPS was designed to provide detailed information about the nation's changing health care system. Administered by the Agency for Healthcare Research and Quality (AHRQ, the MEPS collects information from several sources 7 on the types of health services used by respondents, the cost of these services, and how the services were paid for (Cohen et al. , 1997 ). The MEPS sample consists of households that responded to the prior year's National Health Interview Survey (NHIS) and is designed to represent the civilian non-institutionalized U.S. population. The basic unit of analysis is the person, and data are collected for each family member in the household who is eligible for the survey.
The MEPS Household Component (HC) consists of an overlapping panel design in which respondents are interviewed, using a computer-assisted personal interview (CAPI) system, five times over thirty months to collect utilization and expenditure data for a minimum of two consecutive calendar years. A new panel has been introduced each year since the MEPS began in 1996. Expenditure data in the MEPS are primarily self-reported. However, the Medical Provider Component, which surveys medical providers and pharmacies identified by MEPS-HC respondents, serves as an imputation source to reduce the level of bias in survey estimates of medical expenditures due to item non-response and household data of questionable quality. Its purpose is to supplement household reported data and it is not intended to be an independent sample of providers for estimation purposes. The purpose of the multi-source data collection is to build an accurate accounting of health care utilization and expenditure (rather than charges) for the covered population. In addition, detailed information on respondents' insurance coverage, employment, health status and physical functioning, access to care, and demographic and socioeconomic characteristics is available for the study of different population groups.
While the MEPS does well in capturing spending on its covered populations, it excludes certain policy relevant groups. As a survey of the civilian non-institutionalized population, the 
Medicare Current Beneficiary Survey (MCBS)
The Medicare Current Beneficiary Survey (MCBS), sponsored by the Centers for Medicare & Medicaid Services (CMS), is a nationally representative survey of aged, disabled, and institutionalized Medicare beneficiaries. It over-samples the very old (aged 85 or older) and disabled Medicare beneficiaries (Adler, 1994; CMS, 2008b) . The survey uses a rotating panel design whereby panelists are followed over a span of four years, and undergo three interviews each year. Because it is a person-based survey, the MCBS follows people regardless of whether they live in a household or a long-term care facility, or switch between the two during the course 9 of the survey period. The MCBS has been administered continuously since 1991 (the baseline interviews). It collects information on the health status, health care utilization, expenditures (both Medicare and non-Medicare payments), health insurance coverage, and socioeconomic and demographic characteristics of the entire spectrum of Medicare beneficiaries (both elderly and disabled).
The central purpose of the MCBS is to collect utilization and source of payment information for all services used by Medicare beneficiaries, including those not covered by Medicare (Adler, 1994) . MCBS spending data are believed to be reasonably accurate, as selfreported utilization and expenditure information undergo extensive validation using Medicare claims data. Further, the MCBS's method of tracking respondents in the community and institutions makes it an invaluable source of information on the spending of this under-studied population. MCBS data demonstrate just how critically important expenditure data are for the institutionalized population.
The National Nursing Home Survey (NNHS)
The National Nursing Home Survey (NNHS) is a set of national sample surveys of nursing homes, their residents, and their staff. Although each of these surveys emphasized different topics, they all provided some common basic information about nursing homes, their residents, and their staff. All nursing homes included in this survey had at least three beds and were either certified (by Medicare or Medicaid) or had a state license to operate as a nursing home. Data on the facilities were collected through face-to-face interviews with the administrators and staff and included bed size, ownership, and staffing. Data obtained on residents included demographic characteristics, functional and health status, diagnoses, services received, and sources of payment. Information was collected for up to twelve current residents in each facility.
II. Medical spending adjustments
The first step in this reconciliation study is to align the micro surveys of medical spending to the NHEA. First, we remove expenditures from the NHEA for goods and services which are out of scope of micro surveys (MEPS, MCBS). Second, we redefine some categories of medical service in the NHEA, MEPS and MCBS (shifting expenditures as appropriate) to create consistent categories between these three sources. These alignments are similar to previous reconciliations between the MEPS and the NHEA.
Exclusions from NHEA
We focus on the Personal Health Care (PHC) portion of the NHEA which, in 2002, totaled $1.34 trillion. We exclude expenditures not directly related to patient care from the PHC ( Table 1) ; such as net cost to health insurance ($88,927), government administrative expenses ($21,624 million) and public health activities ($51,870 million), spending on research ($32,016 million) and structures and equipment ($70,028 million), which are not covered in the MEPS-MCBS. Beyond these non-PHC adjustments, there are five personal health care spending items 11 that need to be removed because they are out of scope of the surveys. These adjustments are listed in Table 2 . 
Alignment of Service Categories
After we have made the out-of-scope exclusions from the NHEA, our goal is to match by service categories the total spending in the surveys to the adjusted total spending in the NHEA. 
III. Survey data adjustments
In this section, we explain how we combine different surveys to have a nationally representative sample on population and spending. We use MEPS as the baseline survey, and add other surveys/data to account for missing population and spending in MEPS.
To better understand the health care expenditures made by the Medicare community population, we create a micro data file combining the MEPS and the MCBS data. To account for some missing independent variables (demographic) in the survey data, we use standard withinimputation methods (Rubin, 1987; Schenker and Raghunathan, 2007) . This imputation helps us to use all available survey data without dropping any observations. For Medicare-covered community residents, we adjust the sample weights to make sure that the combined surveys match national population totals. However, the MCBS and MEPS add to different population totals. In 2002, the Medicare-enrolled community-dwelling population is estimated at 37.6 million by MCBS (based on Medicare enrollment file) and 39.2 million by MEPS ( Table 5) . For this study, we presume the MCBS number is the most accurate (CMS data) and calibrate weighted totals in the MEPS to the match MCBS totals.
First, we calibrate the distribution of MEPS sample weights among that survey's respondents to the distribution found in the MCBS by medical expenditure, demographic, health status, and socioeconomic characteristics. To carry this out, we estimate a logistic regression predicting the propensity to be in the MEPS. We then use the propensity scores to create deciles of respondents with similar characteristics in both surveys. Within each decile, we inflate or deflate the MEPS weights to the MCBS weights. With these adjusted sample weights, MEPS and MCBS respondents with similar characteristics now have similar sample weights.
Our second set of adjustments corrects for double representation of the communitydwelling Medicare beneficiaries in the linked MEPS-MCBS data. For this group, we adjust individual sample weights in both surveys so that the sum of the combined data is equal to the sum of weights found in the MCBS. This adjustment reduces by one-half the individual weights in the MCBS and the calibrated weights in the MEPS. account for this population, we increase the sample weights in the MCBS so that the sum of the weights among non-elderly institutionalized respondents reflects this additional population. We first sample records in the NNHS for people who are under age 65, and for whom nursing home services are not paid by Medicare. These records reflect a typical daily census, but this work requires having an annual total of people in an institution. We estimate this with two adjustments. The first is to adjust the weights so that the 2004 NNHS represents the estimated 2002 population. This adjustment factor is about 0.98. The second is to adjust the weights to make the NNHS represent the yearly population in institutions rather than a count of people at one point in the year. This is calculated by comparing the MCBS and NNHS elderly populations.
The adjustment factor for this rotational adjustment is approximately 2.89.
We concatenate the adjusted NNHS data with records from the MCBS of non-elderly, Medicare-covered individuals who have institutional spending. To form demographically similar groups, we estimate a logistic model for being in the MCBS, using the demographic variables common to the two surveys as the independent variables. We assign respondents to propensity score quintiles based on having a similar likelihood of being in the MCBS. we adjust upward the sample weights in the MEPS such that the adjusted population size for each group is equal to the size of the original MEPS population as well as the inmate population.
In making this adjustment, we assume that prisoners with a particular age-sex-race-education profile have health expenses similar to those of community residents with the same profile. account for them. In the MEPS Medicare community sample, we increase the weights for highspenders by 1.14. We also decrease the weights for low-spenders by 0.99 in order to keep the sample size intact. In total, we add about $8 billion for missing high-spenders in the MEPS Medicare Community population.
We also adjust the MEPS weights to account for missing high-spenders in the nonMedicare population. We first estimate that there are about 2 million high-spenders in this population. Previously, from the concatenated MCBS-MEPS Medicare community data, we estimated the percentage of high-spenders that are missing in the MEPS. We assume the same number of missing in the non-Medicare population, and adjust the weights to account for them.
We inflate the weights for high-spenders in the MEPS Medicare community sample by 1.14 and deflate the weights for low-spenders by 0.99, keeping the non-Medicare community population intact. In total, we add about $15 billion for the missing high-spenders in the MEPS nonMedicare community population. Table 5 Table 7 compares total annual medical expenditure from the adjusted MEPS and MCBS to total adjusted NHEA spending, by payer and service category. Overall, the survey spending underestimates national spending by 12.7%. Our estimates using the adjusted micro surveys are closest to the adjusted NHEA estimates for prescribed medicines, nursing home care, and other services (including dental care and durable medical equipment (DME)). In addition, our estimates for expenditures made under the Medicare program are much closer to the NHEA than for non-Medicare payers. The last column in Table 7 reports how much survey-reported spending would have to be adjusted in order to equal adjusted NHEA spending. Table 2 for details) of the micro-surveys. The remaining $152 billion is an undercount of spending in the micro-surveys and we make adjustment to spending by service category to match the national totals ( Table 7) . 
IV. Results and Discussion

Limitations
It is important to keep in mind that this reconciliation requires several assumptions.
Differences between our estimates and the adjusted NHEA for specific service categories may be caused by remaining differences in how services are defined in the surveys versus the NHEA.
Thus, the aggregate totals may be more important than the sub-categories. Further, in adjusting the sample weights to account for sub-populations not covered in the MEPS and MCBS (nonelderly institutionalized, prison inmates, and active duty military personnel), we implicitly assume that their health expenditures (adjusted for demographics) are the same as in the population we can observe. This assumption may not always be accurate.
Conclusions
The major comparison for our work is the work of Sing et al. (2006) . We follow many of their adjustments to the NHEA, but direct comparison of the estimates is difficult. We remove less spending from the NHEA, and use the concatenated Medicare community MEPS-MCBS, MCBS institutionalized data, and MEPS non-Medicare data with adjustments for excluded populations.
We construct a more comprehensive dataset of medical spending by American citizens than has been done in the past, using both the MCBS and MEPS, and accounting for the institutionalized population, prison inmates, active duty military personnel, and high-spenders.
We reconcile this linked and enhanced MEPS-MCBS dataset to the NHEA, building upon a rich 21 body of prior work by AHRQ and CMS. In total, we remove only 13.4 percent from personal health care in the NHEA as out-of-scope, and reconcile to remaining comparable spending from the micro expenditure surveys. This enhanced MEPS-MCBS dataset matched to the NHEA can be used for more detailed policy evaluations that more closely reflect true national personal health expenditure at the individual level. 
